1. Introduction {#sec0005}
===============

The ability to navigate the world is dependent upon evaluating affective stimuli in terms of their relative danger/safety and their potential for reward (e.g., appraising someone as trustworthy, avoiding unhealthy foods). While extensive research indicates that affective valuation relies heavily on the amygdala and ventral striatum in adulthood, early life may be a time during which such processes are critical for learning environmental contingencies and understanding how to interact with the world. A robust literature highlights important normative structural and functional changes in the amygdala and striatum during the early years of life (i.e., childhood, adolescence), which facilitate approach and avoidance behaviors. One key factor in the normative development of affective valuation is a stable rearing environment characterized by the presence of species expected caregiver availability ([@bib1165]). Caregivers provide developing organisms not only a means by which to meet basic survival needs, but they also provide a regulatory base from which to explore and learn about the world ([@bib0545]).

Across species, severe psychosocial stressors early in life (early life stress; ELS), particularly in the form of the *absence* of species expected caregiving (i.e., caregiver deprivation) can profoundly influence affective valuation and the establishment of stable relationships with caregivers and others. Caregiver deprivation is frequently associated with a host of developmental concerns, including the onset of both internalizing (anxiety and depressive disorders) and externalizing behaviors (e.g., impulsivity, conduct disorders) later in life ([@bib0290], [@bib1270]). These behavioral phenotypes critically involve alterations in the ability to evaluate and appropriately respond to rewarding/aversive stimuli, suggesting that ELS induces alterations in the functional development of the amygdala and striatum. In this review we will examine the effects of ELS on neural and socio-affective development, largely from on the perspective of caregiver deprivation. We propose that the association between ELS and subsequent behavioral consequences associated with internalizing illness are mediated by changes effected on amygdala and striatal function and their interaction. We will begin by operationalizing ELS and its downstream behavioral consequences. We will next detail anatomical and functional considerations of the amygdala and ventral striatum in maturely developed organisms, with respect to their role in affective valuation, with a particular spotlight on examining their interaction. Next we will review extant findings on the normative structural and functional development of these structures. We will then highlight the role of ELS in the structural and functional development of these regions and related behavioral effects. We will conclude with a proposal for how ELS may affect amygdala-striatal interactions and discuss limitations and future directions for the field.

A recent framework for conceptualizing ELS posits that adverse early experiences fall along dimensions of threat and deprivation ([@bib0705], [@bib1055]). Here, threat is conceptualized as an atypical experience posing a direct physical danger to a developing organism (e.g., physical/sexual abuse), whereas deprivation is operationalized as the absence of expected social, cognitive and affective environmental inputs and enrichment during development (e.g., neglect). Consideration of the nature of adversities experienced is an important step forward in the field. We would add that caregiver deprivation (i.e., emotional neglect or institutional care) also poses a direct threat to a (semi-)altricial organism's survival: caregiver deprivation involves a lack of protection from outside threats and a lack/absence of physiological and affective regulation from a caregiver. Caregiver deprivation can take many forms across species----e.g., removing a maternal figure from a nest, rearing in isolation from the rest of a group, or institutionalization in humans (i.e., being reared in orphanage care). We will focus largely on ELS in the form of caregiver deprivation in this review, because it allows for the ability to draw parallels across non-human and human literatures.

ELS is often associated with the development of a host of cognitive, social and affective deficits, which precede the development of mental illness later in life ([@bib0385], [@bib0440], [@bib0450], [@bib0670]). Most frequently, caregiver deprivation is linked with the development of social withdrawal, poor regulatory abilities, and higher risk for internalizing illness such as depression and anhedonia, anxiety disorders, as well as externalizing disorders and behavioral problems ([@bib0195], [@bib0210], [@bib0290], [@bib0385], [@bib0450], [@bib0655], [@bib0855], [@bib0995], [@bib1010], [@bib1145], [@bib1270]). The link between caregiver deprivation and downstream mental health consequences may be mediated by ELS induced changes in the functional development of the amygdala and striatum and their interaction, both of which undergo massive change throughout childhood and adolescence, lending them to be plastic and subject to environmental influence ([@bib0385], [@bib0670]).

2. Amygdala and striatum: anatomical considerations {#sec0010}
===================================================

The amygdala and striatum are two subcortical structures critical for affective valuation and learning across species. The amygdala is comprised of approximately thirteen nuclei and subnuclei (rodents: [@bib0615] non-human primates: [@bib0895], [@bib0900]). The basolateral complex of the amygdala (the lateral nucleus, basal nucleus, accessory basal nucleus; BLA) and the central nucleus (CeA) are most often implicated in affective valuation, and relay information regarding associations between environmental stimuli and potential outcomes to connected regions ([@bib0615], [@bib0900]). The BLA receives sensory input from thalamic nuclei, auditory and sensory cortices as well as the hippocampus, and provides both direct and indirect signals to the central nucleus of the amygdala ([@bib0900]). The majority of BLA neurons are excitatory glutamatergic cells which project to other amygdala nuclei including the CeA, the ventral hippocampus (anterior in humans), prefrontal cortex and importantly, to the ventral striatum (nucleus accumbens (NAcc)). The CeA is the major output structure of the amygdala, containing primarily inhibitory GABAergic neurons and controls autonomic responses to incentive-laden stimuli ([@bib0230], [@bib0885]).

The striatum is the primary input region of the basal ganglia ([@bib0275]) and receives input from a host of prefrontal cortical and subcortical structures including orbitofrontal cortex (OFC), ventromedial PFC (vmPFC), portions of anterior cingulate cortex (ACC), the hippocampus, and importantly, the amygdala ([@bib0015], [@bib0470], [@bib0475], [@bib0730], [@bib0860], [@bib1050]). The striatum can be segregated along a dorsal-ventral divide (though see [@bib1215]) The dorsal striatum is comprised of the caudate nucleus and the putamen, whereas the ventral striatum is comprised of the nucleus accumbens (consisting of medial (core) and lateral (shell) divisions), and ventral portions of the caudate nucleus and putamen ([@bib0275], [@bib0475], [@bib0720], [@bib1265]). The ventral striatum receives excitatory glutamatergic input from cortical regions, thalamus, ventral hippocampus (anterior in humans), and the BLA ([@bib0470], [@bib1170]). Importantly, dopaminergic (DA) input from midbrain nuclei (e.g., ventral tegmental area) heavily innervate the ventral striatum, and these connections are thought to mediate ventral striatal function in appetitive behaviors ([@bib0480], [@bib0475], [@bib1050])

3. Amygdala and striatum function in maturity {#sec0015}
=============================================

The amygdala's role in affective valuation has often been characterized from the point of view of aversive learning, and evaluating threats. Across species, the amygdala is strongly implicated in fear learning----i.e., associating stimuli or actions with aversive/threatening outcomes (e.g., shock)----and triggering a response to a threat ([@bib0235], [@bib0615], [@bib0900], [@bib0970], [@bib1235], [@bib1225], [@bib1230]). In both maturely developed rodents and humans, studies of fear learning can be conducted using mild electric shocks as an aversive unconditioned stimulus. During fear learning, current stimulus-value associations are relayed from the BLA to the CeA, leading to a putative physiological 'fear' response. Such a response is often characterized by heightened amygdala activation to threatening stimuli (e.g., predator), increased autonomic arousal, and behavioral responses aimed at avoiding or confronting a threat (e.g., freezing behavior in rats) ([@bib0445], [@bib0610], [@bib0815], [@bib0885]). Such physiological and behavioral outcomes can in turn facilitate avoidance learning (i.e., learning to avoid negative outcomes or threatening stimuli). Indeed, amygdala lesions are associated with an inability to demonstrate orienting behaviors and implicit learning of pairings between conditioned stimuli and aversive outcomes.

However, abundant evidence demonstrates that the amygdala also facilitates reward processing, suggestive of a broader evaluative role. Studies of reward processes in non-human animals typically employ food or juice as reinforcers, where as human studies typically employ monetary rewards. Non-human animal studies show dissociable roles for the BLA and CeA in reward processes. The BLA in part plays a role in linking environmental stimuli to their current biological value, thereby supporting goal-directed choice ([@bib0060]). Lesions to the BLA impair an organism's ability to maintain and update value representations when an instrumental response is required ([@bib0060], [@bib0230]). The CeA, on the other hand aids in the generation of physiological responses and behaviors during both reward-related learning and aversive learning. These responses tend to be directed toward conditioned stimuli, as opposed to valued outcomes (e.g., orienting responses to a tone that predicts a reward) ([@bib0230], [@bib1170]). In fact, lesions to the CeA abolish stimulus oriented responses during reward learning, but leave the instrumental response to the reward intact ([@bib0060]). Distinct populations of amygdala neurons in non-human primates flexibly represent the current state value of rewarding and aversive stimuli ([@bib0070], [@bib0840], [@bib1015]) and code valence specific expectations regarding upcoming rewarding and aversive outcomes ([@bib0065]). Human fMRI work corroborates the amygdala's role in signaling the positive and negative value of affective stimuli in the environment that can inform behavior ([@bib0795], [@bib0800]), suggesting an evolutionarily conserved, broad and evaluative role for this region ([@bib0435]).

The striatum is broadly involved in motor, cognitive and hedonic aspects of affective valuation. The dorsal striatum is typically associated with cognitive and motor aspects of incentive-based behavior----e.g., linking actions with outcomes and action selection ([@bib0035], [@bib1180]). The ventral striatum is of particular interest to this review because of its role in the pursuit of appetitive stimuli, representing the subjective value of experienced and expected primary, secondary and more abstract social rewards ([@bib0050], [@bib0310], [@bib0475], [@bib0575], [@bib0590], [@bib0595], [@bib0970]), and its function as an interface between limbic and motor structures, translating affective, motivational signals into action([@bib0445], [@bib0505]). Similarly to the amygdala, however, emergent evidence suggests that the ventral striatum is also involved in processing of aversive stimuli in certain contexts ([@bib0270], [@bib0625], [@bib0920], [@bib0985]). The ventral striatum's role in affective valuation and learning is related to input from midbrain DA nuclei, which facilitate learning and behavioral adaptation via prediction error signaling----i.e., coding for the difference between experienced and expected outcomes ([@bib0550], [@bib0780], [@bib1045]). However, we note that the nature of the specificity of this signal (i.e., unique to reward or more valence general) is currently debated in the literature ([@bib0335], [@bib0675]). The ventral striatum in humans thus aids affective learning via the computation of value-based signals that may be dopamine dependent.

4. Amygdala-striatal interactions in maturity {#sec0020}
=============================================

The unidirectional glutamatergic projections from the BLA to the ventral striatum ([@bib0305], [@bib0445], [@bib0975]) facilitate the ventral striatum's role as an interfacing region able to translate evaluative signals into action. The basolateral amygdala encodes the sensory and affective properties of stimuli and outcomes (i.e., value) learned via Pavlovian or instrumental conditioning processes, which are then relayed to the ventral striatum to translate into value-based actions (e.g., pursue, avoid) ([@bib0305], [@bib0445], [@bib0505], [@bib0975]); thus, amygdala-ventral striatal connections may be critical for learning and updating stimulus value. We do note that the basolateral amygdala also projects to the dorsal striatum in rodents ([@bib0505]) and non-human primates ([@bib0175]), which may facilitate response-outcome learning ([@bib0035], [@bib0505]).

The rodent literature provides a useful base from which to examine the nature of amygdala-striatal interactions, particularly given that work on this in humans is limited. Studies of reward devaluation ([@bib0030], [@bib1260]) indicate that motivated responding for rewards can be influenced or controlled by representations of a response and a reward, and this process appears dependent upon the relationship between the BLA and NAcc. Reward devaluation involves either allowing an animal to consume a valued stimulus (i.e., food reward) to satiety or conditioning a previously rewarding stimulus with an aversive outcome (i.e., poison), and then testing in extinction whether the animal continues to choose that stimulus. Indeed, lesioning BLA-NAcc core projections eliminates reward devaluation effects, resulting in continued pursuit of devalued outcomes. BLA-NAcc shell lesions, on the other hand, leave intact the ability to detect changes in outcome value ([@bib1060]). Studies involving a phenomenon known as Pavlovian-to-instrumental transfer (PIT) provide additional insight into the nature of amygdalostriatal interactions. PIT studies measure a process by which instrumental approach or avoidance of incentives are mediated by Pavlovian associations between an environmental stimulus and the incentive ([@bib0030], [@bib0150] see also [@bib0630]). Testing PIT in the laboratory involves classically conditioning organisms to associate a stimulus with a rewarding (or aversive) outcome and later testing in extinction if the organism increases instrumental responding for an incentive in the presence of only the classically conditioned cue (specific PIT) or in the presence of any cue (general PIT) ([@bib0030], [@bib0630]). BLA-NAcc interactions are critical to both types of PIT ([@bib0200]), such that lesioning BLA-NAcc shell projections impairs specific PIT while lesioning CeA-NAcc core projections impair general PIT ([@bib0205]). This dichotomy suggests that the NAcc shell may be important for inhibiting responding to stimuli that were not paired with a reinforcing outcome ([@bib0205]). Reward devaluation and PIT studies thus highlight the importance of amygdalostriatal interactions in affective learning that may mimic real-life conditions, in which we come to associate certain behaviors (e.g., eating, drinking) with specific contexts (e.g., specific groups of people) or in which we have to rapidly learn about changing environmental contingencies.

Amygdalostriatal interactions originate from the amygdala. Recording of local field potentials (low frequency electrical signal fluctuation in a neuronal population likely reflecting synaptic input; ([@bib1195])) from the basolateral amygdala and striatum in cats has revealed spontaneous preferential coupling of amygdala and striatal gamma oscillations, which is induced by the BLA ([@bib0925]). Gamma oscillations are generally thought to be important for a variety of cognitive processes ([@bib1195]), and for broader homeostatic maintenance ([@bib0725]). Amygdalostriatal coupling was associated with improved reward-learning performance ([@bib0925]). Amygdala-induced NAcc reward-related responses are further dependent upon glutamatergic BLA to NAcc projections (though see also [@bib0125], [@bib1110]), and optogenetic inactivation of the BLA reduces NAcc neural firing to reward predicting stimuli ([@bib0020]). Taken together, amygdalostriatal interactions in affective valuation and learning appear based on excitatory amygdala-based signals sent to the ventral striatum, which then facilitates value-based decisions/actions.

While limited, an emergent human literature corroborates the importance of amygdalostriatal interactions in affective valuation and learning, though their precise nature and direction is less clear. For example, increased task-based functional connectivity between the amygdala and striatum is associated with better learning of reward predicting information when preceded by social cues ([@bib1220]). Conversely, fear conditioned stimuli inhibit both the ability to update the representation of that stimulus as a reward-predicting stimulus (i.e., reversal learning, which additionally involves the OFC (for exetnsive reviews see [@bib0605], [@bib0990])), which is reflected in the inhibition of activation in the striatum, among other regions ([@bib1245]). The implementation of computational approaches to fMRI----i.e., applying mathematically formulated models of psychological processes ([@bib0785])----has facilitated more mechanistic and precise characterizations of amygdala and striatum function in valuation and learning which could inform thoughts regarding interactive functions. The ventral striatum is frequently implicated in the computation of prediction-error signaling in humans in a variety of contexts, both non-social and social, and in instrumental and pavlovian situations ([@bib0245], [@bib0325], [@bib0635], [@bib0805], [@bib1040]). Computational processes subserved by the amygdala also support varied roles in affective and associative learning. The amygdala has been implicated in performing prediction-error related computations during instrumental learning and decision-making ([@bib0940], [@bib1005]), which may be dissociable depending on incentive context: the BLA encodes action-value and uncertainty signals during reward-learning, whereas the CeA does so during avoidance learning ([@bib0940]). Further, during Pavlovian learning contexts, the amygdala supports a more general associability signal----i.e., the strength of the association between a stimulus and outcome, agnostic to expectations ([@bib0950])----as compared to a prediction error computation, which instead relies on the ventral striatum ([@bib0635]). A complex interplay between the amygdala and striatum thus appear important with respect to affective valuation and learning, performing dissociable computations as a function of varied contexts; however, initial signals regarding stimulus/action values is generated in the amygdala which may then be used by the ventral striatum in terms of updating expectations for learning.

5. Amygdala development {#sec0025}
=======================

The early years of life require an ability to rapidly learn and assess environmental contingencies. Studies of structural and functional development of the amygdala indicate that early life is a time of dynamic change in the amygdala, which could facilitate affective learning ([@bib1145]). The rodent amygdala is largely structurally intact early in life ([@bib0115], [@bib0165]), and extensive prenatal neurodevelopmental differentiation renders the human amygdala structurally present and developed by birth ([@bib1185]) as well, with rapid growth reported in the first year of life ([@bib0420]). While structural changes continue to occur within the amygdala into early adulthood ([@bib0410], [@bib0425], [@bib0560], [@bib1240]), evidence in non-human primates ([@bib0850]) and in humans ([@bib0560], [@bib0820], [@bib1240]) indicates that the most rapid rates of structural change in the amygdala occur prior to adolescence. Massive changes in amygdala function emerge in these early years as well, impacting our ability to learn about the environment. During development, social and affective signals gleaned from the facial expressions of others provide a primary source of information about the world. As such, affective facial displays are typically employed as affective stimuli in studies of human amygdala development. For example, fearful faces provide cues as to an impending threat in the environment, while happy faces may signal social approval. The functional response profile of the amygdala to these important socio-affective signals significantly changes across the lifespan, though the nature of change tends to vary as a function of the question posed. Initial studies indicated that children and early adolescents (aged approximately 9--13) showed stronger amygdala reactivity to neutral compared to fearful faces, whereas adults showed the opposite pattern ([@bib1135] though see also [@bib0835]). Neutral expressions may thus be more ambiguous/threatening early in life, or alternatively, the amygdala may not be able to effectively evaluate aversive/threatening facial expressions early on. Peak amygdala reactivity has also been reported during adolescence when averaging activation across valence of affective facial expressions ([@bib0500], [@bib0740]). However, isolating the response of the amygdala to threatening stimuli (i.e., fearful faces) in comparison to an implicit baseline condition reveals that threat-based amygdala reactivity is high early in life (i.e., childhood) and decreases throughout adolescence into adulthood ([@bib0395] see also [@bib1210]). Similar linear age-related declines in amygdala reactivity emerge when: (1) considering faces of varied emotional expression ([@bib1120]) and varied social value (i.e., mothers, strangers) compared to baseline ([@bib1160]) (2) examining responses to others in pain ([@bib0255], [@bib0260]); (3) evaluating positive (e.g., food) stimuli ([@bib1065]); and (4) comparing only adolescents to adults ([@bib0460], [@bib0735]). The overall pattern of increased amygdala reactivity during early life suggests an enhanced ability to detect affective stimuli early in life.

If the amygdala cues the ventral striatum to associations between valued stimuli/actions and outcomes in adult organisms in preparation for incentive-based responses, a highly reactive amygdala early in life may adaptively serve to develop this functional relationship with the ventral striatum. While there is not abundant human evidence for this, amygdala activation early in life could serve to 'train' other anatomically connected regions (e.g., mPFC) and foster the later development of additional connectivity ([@bib0215]). The mPFC's roles in the regulation and extinction of fear ([@bib0515], [@bib0510], [@bib0765], [@bib0890], [@bib1020]) typically do not emerge prior to adolescence ([@bib0140]),consistent with adolescent development of mPFC to amygdala projections compared to the existence of amygdala to mPFC projections in pre-adolescent rodents ([@bib0215]). Human fMRI studies support the later developmental emergence of mPFC-amygdala connectivity, with a regulatory profile (e.g., negative connectivity) during the viewing of fearful faces emerging only after age 10, and becoming linearly more negative with age ([@bib0395]). Similar task-based connectivity patterns emerge when viewing images of pain administered to others ([@bib0260]) and during response inhibition tasks ([@bib0870]); supporting task-free resting-state evidence also shows that amygdala-mPFC connectivity emerges only after late childhood/early adolescence ([@bib0360]). Interpreted within this framework, high amygdala reactivity early in life may serve a normative function of training the connected regions (e.g., ventral striatum) to encode value-based stimuli, with regulatory mPFC function coming online at later developmental stages.

6. Striatal development {#sec0030}
=======================

Striatal development has been a particular focus of investigations aiming to characterize oft observed adolescent specific increases in incentive-based behaviors----e.g., risky decision-making. Importantly, deficits in striatal responses to reward and the ability to sustain positive affect are one characteristic of internalizing illness such as depression ([@bib0535], [@bib0910]; 2008) and as such it is critical to highlight the normative development of this region. Striatal subnuclei----caudate, putamen, nucleus accumbens----often exhibit linear age-related decreases in volume ([@bib0405], [@bib1240]), in contrast to protracted prefrontal cortical development, which may reach peak gray matter volume at approximately onset of adolescence prior to declining into adulthood ([@bib0415], [@bib1070], [@bib1090]) However, recent longitudinal work ([@bib0945]) reports an overall curvilinear trajectory of striatal volumetric maturation that is protracted compared to cortical volumetric maturation, with regionally heterogeneous patterns: age-related volumetric increases in the caudate and posterior lateral putamen emerged in conjunction with volumetric decreases in anterior ventral portions of the caudate and putamen ([@bib0945]). Raznahan and colleagues take these results to suggest the importance of accounting for more fine-grained structural developmental changes within a region, such as rate of change across age.

In contrast to the amygdala, peak functional reactivity in the ventral striatum is consistently observed during adolescence, as compared to childhood and adulthood, within the context of experiencing (monetary) rewards ([@bib0155], [@bib0315], [@bib0955], [@bib1075]) (though see also [@bib0095], [@bib0295], [@bib0370], [@bib1200], [@bib1205]). This effect tends to be exaggerated for rewards of greater magnitude ([@bib0370]). A heightened adolescent reward response enhances both computations of subjective value in the ventral striatum compared to adults ([@bib0040]) and neurocomputational learning signals (i.e., prediction error) compared to children and adults ([@bib0185]; though see also [@bib1190]). Similar adolescent specific effects persist across domains to experienced primary ([@bib0365] though see also [@bib1065]), and social ([@bib0570], [@bib1080]) rewards, concurring with the augmented influence of peers during adolescence ([@bib0220], [@bib1105]). Studies focusing on reward anticipation, on the other hand, reveal a less consistent picture of developmental change in the striatum, potentially as a function of varied task demands. For example, reaction time tasks requiring a button press to a cue often report a decreased ventral striatal response in adolescents (vs. adults) when anticipating the delivery of a reward ([@bib0095], [@bib0090]), while anticipation of making a response during an anti-saccade task is associated with increased ventral striatal recruitment in adolescence ([@bib0400]). In conjunction with mesolimbic dopaminergic changes during adolescence, increased ventral striatal reactivity to rewards in adolescence may be related to an increase in risk-taking behaviors ([@bib0380])----i.e., greater sensitivity to experienced rewards drives the pursuit of such rewards, though a recent meta-analysis suggests adolescent risk-taking increases vary as a function of the immediacy of potential reward availability ([@bib0265])

Given the prominence of midbrain dopaminergic projections to the ventral striatum, as well as prefrontal cortex ([@bib0480], [@bib0485], [@bib1050]), brief consideration of mesolimbic dopaminergic development is warranted. The concentration of dopamine receptors throughout the striatum increases during the transition to adolescence in rodents, but interestingly declines post adolescence across the striatum except in the NAcc, where levels remain high throughout adulthood ([@bib1130]). Relatedly, pre-adolescent increases in dopaminergic synthesis decline between adolescence and early adulthood in the striatum except for in the NAcc ([@bib0025]), and firing rates of VTA dopaminergic neurons are more rapid in adolescent than adult rats ([@bib0695]). Less PFC, NAcc and amygdala innervation of the VTA in adolescent as compared to young adult rats ([@bib1255]), in conjunction with ventral striatal developmental patterns likely underlies oft observed increases in appetitive behaviors during adolescence across species ([@bib0155], [@bib1095]).

7. Amygdalostriatal interactions during development {#sec0035}
===================================================

In spite of the fact that the relationship between the amygdala and striatum is critical in maturity, an important outstanding question pertains to the development of the interactions between the amygdala and striatum. Anatomical connectivity between these regions in the rodent is present at adult-like levels early in life, emerging by postnatal day 7 (corresponding roughly to human infancy), with no significant changes after that point ([@bib0115]). Human resting-state fMRI findings support the early emergence and importance of amygdalostriatal interactions across species, reporting the existence of positive functional connectivity between the amygdala and ventral striatum as early as age 4, which remains significantly positive into early adulthood (i.e., early 20 s) ([@bib0330]). However, there has been little characterization of the normative development of task-based amygdalostriatal functional interactions and how they may relate to affective valuation.

Prominent dual systems models of human neurobehavioral development point to the relationship between the ventral striatum and prefrontal cortex, suggesting that regulatory abilities relying on prefrontal cortex are not maturely developed and efficient, underlying adolescent sensitivity to reward (reviewed in [@bib0220], [@bib0875]). Others suggest a three-pronged model of affective behavior consisting of the ventral striatum, amygdala and vmPFC, corresponding to reward, avoidance and control systems, respectively ([@bib0300]), hypothesizing that adolescent behavior is biased towards reward-seeking behavior due to increased influence of the ventral striatum and away from avoidance-based behaviors. Similarly to dual process models, however, this relationship is proposed to be mediated by the protracted development of PFC regulatory function, which together underlies increases in adolescent risk-taking behavior. While influential, recent suggestions have called for more expansive and integrative models of adolescent neurobehavioral development, calling for the incorporation of additional methodological approaches ([@bib0875]), consideration of the changing importance of social contexts during development ([@bib0220]), and more nuanced and complex roles for the amygdala and striatum in affective valuation and learning ([@bib1085]). Imbalance models ([@bib0160], [@bib0155]) further highlight the importance of non-linear changes during the transitions from childhood to adolescence and from adolescence to adulthood. Such models emphasize the importance of hormonal changes in conjunction with circuit-based structural and functional neural changes, which together create an imbalance underlying behavioral development that could have adaptive or maladaptive consequences ([@bib0160], [@bib0155]). A recent example of such efforts suggests that adolescents may interpret threatening stimuli or situations as thrilling or exciting, leading to a tendency to reinterpret avoidance based signals as approachable ([@bib1100]). According to this hypothesis, the amygdala and striatum may in fact work together to promote risk-taking behavior in certain situations, driven in part by developmental changes in pubertal hormone levels ([@bib1100]) Such interactions may have implications for individual differences in temperament, as behaviorally inhibited individuals show reduced resting state functional connectivity between the amygdala and striatum ([@bib1000]), and for the development of internalizing illness as well. Given that the drastic developmental changes in the amygdala and striatum early in life, an intriguing further possibility is that early experiences may shape later ventral striatal function through the amygdala.

8. Effects of early life stress on amygdala and striatal development {#sec0040}
====================================================================

While the amygdala and ventral striatum are active and functioning early in life, the evidence indicates that their functionality continues to develop throughout childhood and adolescence making them highly susceptible to environmental influence throughout development. Thus the association between ELS and behavioral outcomes related to internalizing illness may be mediated by changes effected by ELS on amygdala and ventral striatum function and their interaction.

8.1. Rodent models of early life stress {#sec0045}
---------------------------------------

Rodent models instilling disruptions in the early caregiving environment demonstrate that stable caregiving regulates behavior often by providing a regulatory buffer against stressors. This phenomenon is accomplished by caregiver presence acting on the HPA axis in part by tempering the release of the stress hormone corticosterone, and subsequently dampening the amygdala response to stress/threat ([@bib0450]; reviewed in [@bib0650], [@bib1165]). During a sensitive period of development prior to PN10, rat pups will continue to approach a stimulus paired with an aversive outcome (i.e., shock), showing significantly lower levels of corticosterone when conditioned in the presence (vs. absence) of a maternal figure ([@bib0750]). After approximately PN10, rat pups exhibit a normative switch to appropriately avoid an aversively conditioned stimulus, which is dependent upon the interactions between dopaminergic systems and the release of corticosterone ([@bib0045], [@bib0760], [@bib0745]), highlighting the importance of stable caregiver presence early in life. Interestingly, the infusion of corticosterone in pups conditioned in the presence of a maternal figure, and conditioning in the absence of a maternal figure abolishes this effect, leading to intact fear conditioning and subsequent avoidance behavior ([@bib0750]). The absence of a caregiver during fear learning thus abolishes the stress hyporesponsivity typically characterizing early life.

The absence of a caregiver is a highly potent stressor for a developing organism. Experimental inductions of chronic stress have largely centered upon creating conditions of caregiver deprivation. For example, in contrast to typically reared rats, those reared in a resource deprived environment (i.e., lack of material to ensure nest building) exhibit intact fear learning as indexed by increased freezing behaviors, decreased approach towards an aversive conditioned stimulus, and increased levels of corticosterone ([@bib0755]). Repeated maternal separation, another form of chronic stress induces neuronal changes in mPFC----i.e., increased dendritic branching, length and spine density ([@bib0770])----which, speculatively, could be driven by the accelerated adult-like amygdala function instantiated after chronic stress. Chronic ELS may thus accelerate the development of an adult-like stress response at an earlier stage of life, which may facilitate the development of phenotypes associated with internalizing illness (i.e., anxiety, depression) later in life ([@bib0525], [@bib0530]; reviewed in [@bib0965])

Caregiver deprivation has pervasive effects extending past accelerated threat detection and fear learning to alterations in reward-related pathways and behaviors, which may also play a role in the development of anxious phenotypes. Isolation rearing of rats (at approximately postnatal day 20) in socially deprived conditions (i.e., near, but not with, the rest of their colony, whereby they can still see, hear and smell the rest of the group) is associated with significant decreases in reward-related behaviors later in life and anxious behaviors ([@bib0680]). Rats exposed to isolation rearing exhibit increased rates of hyperactivity in novel situations and increased susceptibility to dopaminergic agonists (reviewed in [@bib0980]). These effects could be associated with alterations in presynaptic dopaminergic release, whereby increases in presynaptic DA transmission into the ventral striatum (nucleus accumbens) result in an inability to suppress reflexive actions during conditioning ([@bib0935]). Relatedly, during fear conditioning, isolation reared rats show increased levels of dopaminergic release into the nucleus accumbens as compared to control rats when placed in an aversively conditioned context ([@bib0355]). These findings might be considered in light of the fact that ELS induced corticosterone release, acts not just on the amygdala, but also on midbrain dopaminergic nuclei ([@bib0465], [@bib0830]), inducing dopaminergic firing. The inability to regulate dopaminergic release into the nucleus accumbens after ELS may lead to over responding to an aversively conditioned stimulus, maladaptive coping responses ([@bib0355]) and the subsequent development of anxious phenotypes.

The timing and nature of ELS is a critical factor to consider with respect to the relationship between changes in amygdala and ventral striatal function, caregiver deprivation and subsequent development of behaviors associated with internalizing illness ([@bib0385]). Whereas isolation rearing in the preadolescent period appears to result in a more anxious phenotype, repeated maternal separation experienced between postnatal days 5 and 20 in rats (roughly early childhood) is associated with the emergence of a depressive phenotype later in life. Such phenotypes are characterized by lower levels of locomotor activity in novel environments, and a reduced preference for rewarding stimuli ([@bib0685]). The relation here between ELS and decreased reward-related behaviors suggests abnormal dopaminergic function ([@bib0680]) and the instantiation of anhedonic symptoms, both hallmarks of depression ([@bib0905]). Chronic ELS is associated with glucocorticoid induced stimulation of DA release into the NAcc, leading to sensitization of DA neurons in the ventral striatum (reviewed in [@bib0710]). Relatedly, repeated maternal separation from PN1 to PN14 is associated with increased survival of midbrain DA neurons and increased rates of reward seeking in male (but not female) rats later in life ([@bib0180]), which has implications for drug-seeking/risk-taking behaviors as a potential means to satisfy decreased responses to reward. The effects of caregiver deprivation on striatal and dopaminergic function thus create conditions that increase one's vulnerability to internalizing illness.

8.2. Human models of early life stress {#sec0050}
--------------------------------------

Human work investigating the effects of ELS on socio-affective behavior is limited in that it must focus on naturally occurring instances of stress----i.e., individuals suffering from emotional neglect, maltreatment, or caregiver deprivation in the form of previous institutionalization. Individuals with a history of previous institutionalization (PI)----being reared in orphanage care early in life prior to being adopted into stable families----are of particular import because such individuals were placed into conditions of severe threat and a deprived environment without their biological caregivers, closely paralleling animal caregiver deprivation paradigms. Caregiver deprivation in humans significantly impacts the structural development of the amygdala. The length of time spent in institutionalized care positively correlates with amygdala size, and PI individuals further tend to have larger amygdalae in comparison to individuals reared with their biological parents from birth ([@bib1150] though see also [@bib0495]). Length of time spent in institutionalized care is also associated with diminished emotion regulation abilities when exposed to negative emotional stimuli: PI individuals make more errors in an emotional go/no-go task when attempting to inhibit responses to negatively valenced (i.e., fear) faces ([@bib1150]).

The association between the structural development of the amygdala and emotion regulation abilities in PI individuals implies a relationship between the function of this region in humans and the ability to appraise and respond to the value of affective stimuli. This association could in turn relate to the higher degrees of anxiety often exhibited by such samples ([@bib0290], [@bib1270]). Lab-based fMRI studies in humans indeed report that PI individuals exhibiting higher parental reports of anxiety also show stronger amygdala activation to threatening stimuli (i.e., fearful faces) than do comparison individuals ([@bib0390], [@bib1155]). Further, the degree of amygdala response to threatening stimuli negatively relates to measures of social competence and proportion of time making eye-contact with affective facial displays ([@bib1155]). Individual differences in anxiety in PI children and adolescents relates to individual differences in amygdala-mPFC functional connectivity. PI individuals demonstrating higher levels of separation anxiety, for example, tend to show positive amygdala-mPFC functional connectivity when viewing fear faces, whereas those PIs with lower levels of anxiety show a more regulatory relationship (i.e., negative connectivity) ([@bib0390]). These findings suggest a strong link between neural changes as a function of ELS and the development of anxiety-related behaviors, as well as the potential for an adaptive response to ELS (i.e., developing a more mature neural phenotype earlier on). Further, consistent with a role for the amygdala in social and affiliative behaviors ([@bib0010], [@bib0005], [@bib0085]), caregiver deprivation also impacts one's appraisal of valued social stimuli. PI individuals do not show discrimination in the amygdala between the face of one's own mother compared to that of a stranger ([@bib0810]), whereas comparison individuals show a robustly stronger amygdala response to one's mother, possibly reflecting an enhanced social and motivational value of the stimulus. The amount of time spent in institutionalized care negatively correlates with the degree to which the amygdala discriminates between mother and stranger ([@bib0810]), indicating that ELS significantly alters one's appraisal of valued social stimuli.

Caregiver deprivation in humans is associated with altered reward-related behaviors and ventral striatal function. PI individuals exhibit a diminished ability to differentiate reward predicting cues of varying magnitude (low, medium, high) in the ventral striatum or caudate nucleus, whereas comparison individuals showed greater striatal responses to medium and high reward cues compared to low ([@bib0715]). Adolescent PIs also demonstrate increased levels of depressive symptoms and blunted responses to rewarding socio-affective cues (i.e., happy faces) in relation to comparison adolescents ([@bib0430]). Moreover, the degree of ventral striatum activation to happy faces negatively correlated with depression scores in control and ELS individuals, though this effect held when considering only participants with a history of ELS ([@bib0430]), supporting rodent studies revealing a decrease in responses to reward-related stimuli after repeated maternal separation early in life. These initial findings support an association in humans between ELS and reward-related behaviors, which in turn may relate to the expression/development of depressive symptoms as mediated by altered ventral striatal function.

Reward related behaviors also encompass the tendency to take risks, which are also associated with caregiver deprivation. Laboratory based measures of risk-taking such as the Balloon Analogue Risk Taking (BART; [@bib0620]) task, in which participants have the opportunity to pump a balloon with air to accumulate incentives (e.g., money, points) and can cash out (i.e., stop pumping) at any point, as balloons could burst at random. Burst balloons result in participants losing whatever has been accumulated on that trial. Performance on the BART has evidenced decreased levels of risk-taking in PI adolescents as compared to non-adopted adolescents, and a negative relationship between risk-taking behavior and depressive symptoms in PI individuals ([@bib0640]). A modified version of the BART aimed at assessing exploration (pumping more) versus exploitation (cashing out quickly) demonstrates that PI individuals show lower levels of risk-taking (i.e., cash out more) versus comparison individuals when exploitation is the advantageous strategy; this pattern of results is mediated by anxiety, such that PI individuals with higher levels of anxiety tended to show lower levels of risk-taking behavior ([@bib0565]). The interplay between exploration and exploitation as a function of context suggests that interactions between the amygdala and ventral striatum (i.e., approach/avoid) are at play. While ELS is often associated with maladaptive consequences, in some situations it may confer adaptive strategies.

9. Discussion {#sec0055}
=============

9.1. Effects of ELS on amygdalostriatal interactions {#sec0060}
----------------------------------------------------

The findings discussed in this review highlight the importance of the amygdala and ventral striatum to affective valuation and learning across development, and the impact of ELS on neurobehavioral development associated with the onset of internalizing illness. While a significant amount of evidence highlights the importance of the relationship between these two regions in maturity, there is a lack of evidence regarding role of ELS in modulating the development of amygdalostriatal functional interactions. Based on our review of the literature, we propose that ELS affects the ability of amygdala-based value related signals to reach the ventral striatum; we suggest that ELS induced accelerated amygdala development may diminish the opportunity to develop typical functional interactions with the ventral striatum (see [Fig. 1](#fig0005){ref-type="fig"}). Amygdala appraisal of the value of positive stimuli may remain intact as a function of ELS ([@bib0390]), but the communication of these signals to the ventral striatum may be disrupted, albeit in certain cases (e.g., when exploitation is the most adaptive strategy) may remain intact (see [@bib0565]). The oft observed decreased ventral striatal reward response in individuals with a history of ELS that emerges in adolescence and blunted subjective ratings of the value of reward predicting cues ([@bib0280], [@bib0430], [@bib0715]) suggest a potential impairment in either the relaying of stimulus and action-outcome value information between the amygdala and ventral striatum or the assessment of this information by the ventral striatum. We propose that the modulation of the interaction between the amygdala and ventral striatum mediates the relationship between ELS and the later onset of symptoms pertaining to internalizing illness.Fig. 1A working conceptual model of effects of ELS on amygdalostriatal interactions. Based on a synthesis of human and non-human animal research we suggest that ELS acts on neural systems associated with affective valuation by modulating (i.e., decreasing) the ability of the amygdala to send value-based information to the ventral striatum via unidirectional excitatory glutamatergic projections (denoted by dashed lines). During sensitive periods of development, ELS causes increases in the release and circulation of stress hormones (i.e., corticosterone, cortisol), which act not just to accelerate amygdala development but to interact with midbrain dopaminergic systems, resulting in the increased release of dopamine into the amygdala and the ventral striatum. The increased levels of dopamine may be inappropriately regulated as a function of ELS, leading to subsequent neural and behavioral phenotypes associated with the emergence of behaviors during adolescence associated with internalizing illness such as anxiety and depression that may persist into adulthood.Fig. 1

The proposed effects of ELS on amygdalostriatal interactions likely involve additional neural mechanisms influenced by ELS, including altered mesolimbic dopaminergic function resulting from increased presence of stress hormones ([@bib0680]), which can affect DA transmission into the amygdala ([@bib0045]) and NAcc ([@bib0680]), and/or connectivity with mPFC ([@bib0135], [@bib0390]). Interactions between corticosterone and dopamine may therefore play an important role in the modification of amygdalostriatal interactions after ELS. Rodent studies may continue to probe these interactions through assessments of dopaminergic transmission during such tasks in animals that experienced ELS in the form of repeated maternal separation during infancy. Characterizing the effects of ELS on amygdalostriatal interactions and the relation to internalizing symptoms can be tested empirically in human developmental samples by leveraging functional connectivity approaches ([@bib0350], [@bib0345]) with physiological (e.g., skin conductance) and hormonal assays ([@bib0390]), as well as computational modeling techniques ([@bib0240], [@bib0785], [@bib1040]) in ELS and comparison individuals during affective learning. Adoption of paradigms commonly employed in the animal literature (outcome devaluation, PIT), as has been done in adult studies ([@bib0630], [@bib0940], [@bib1175]) are warranted as they may be more appropriately designed to tease apart developmental functional differences in amygdalostriatal interactions vis-à-vis ELS.

In light of this proposal, it is useful to briefly consider thoughts pertaining to potential intervention for those afflicted with internalizing illness associated with ELS. The findings that the amygdala and ventral striatum exhibit differential structural and functional developmental trajectories ([@bib0375], [@bib0395], [@bib0410], [@bib0850], [@bib0945]) suggest differing periods of plasticity. Pubertal hormone changes are thought to be one significant driving agent of behavioral and neurodevelopmental change, particularly as a result of effects within dopaminergic reward-related neural pathways centering on corticostriatal circuits ([@bib0120], [@bib0330], [@bib0540], [@bib0600], [@bib0865]). Normative changes in pubertal hormone concentration during the transition to adolescence facilitate increases in reward-related behaviors in rodents, for example (reviewed in [@bib0100]), and may result in an overall shift in motivation towards social needs ([@bib0340]). Perhaps it is thus possible to leverage the timing of treatment for internalizing illness as a result of ELS against the timing of change and neural plasticity. In other words potential treatments----e.g., pharmacological, cognitive, behavioral----for internalizing illness associated with ELS may target processes and neurobiological mechanisms more associated with ventral striatum, given the relative later onset of developmental change in this structure and the relative earlier phase of plasticity in the amygdala ([@bib0850]).

9.2. Additional forms and moderators of ELS {#sec0065}
-------------------------------------------

While we believe the absence of species expected caregiving to be a unique stressor and threat to an organism's survival, ELS can occur in a variety of additional forms, particularly in humans. Maltreatment in various forms (e.g., physical/emotional/sexual abuse, emotional neglect) is another potent stressor that can represent a threat and a deprived environment. A history of childhood maltreatment and emotional neglect both tend to have similar effects on amygdala reactivity ([@bib0225]), with the degree of experienced stress associated with heightened amygdala reactivity to subliminally presented negative (vs. positive) facial expressions and faster reaction time when detecting threatening affective stimuli than controls ([@bib0660]). Adults with a history of childhood maltreatment exhibit blunted subjective ratings (i.e., less positive) and decreased ventral striatal responses to anticipation of reward predicting cues in comparison to those with no history of ELS ([@bib0280]). Maltreated individuals do not show differential reaction time when choosing between risky and safe options for obtaining monetary reward, while control individuals take longer when making risky choices ([@bib0455]), suggesting that maltreatment alters sensitivity to incentive value. However, Sujan and colleagues report that laboratory measures of risk-taking may not necessarily reflect real-world risk-taking, particularly when considering effects of ELS ([@bib1115]); alternate methods of testing risk-taking in the laboratory may be more useful in relating to real-world behaviors ([@bib0190], [@bib0915]).

Additional moderating factors surrounding ELS should be considered when assessing the impact of ELS on neural and behavioral development, including SES and sex differences. Low SES both significantly impacts children's cognitive, social and affective development and subsequent mental health outcomes ([@bib0130]), and also may create conditions facilitating poor parent-child interactions (i.e., abuse, neglect) vis-à-vis family stress ([@bib0130]). Although a nascent direction of the field, emergent studies report a link between low SES and amygdala and hippocampal development similarly to ELS ([@bib0490], [@bib0495], [@bib0645], [@bib0790]). Additionally, much of the extant literature concerning ELS, amygdala/ventral striatal development and internalizing illness do not report sex differences ([@bib0180], [@bib0685], [@bib0690], [@bib0855]). Considering that the prevalence of internalizing illnesses show sex specific differences in their prevalence after puberty ([@bib0845]) and normative subcortical structural development shows sex differences as well ([@bib0425], [@bib0945], [@bib1240]), the lack of studies of ELS effects on neural and behavioral development reporting sex differences is striking. Future studies can take into account changes in pubertal hormone levels, for example, to better assess the consistency of sex-specific effects in the relationship between ELS, neural development and socio-affective development.

9.3. Limitations {#sec0070}
----------------

Animal models are crucial to our understanding of the behavioral and neural consequences of chronic early psychosocial stressors in humans because they allow for precise experimental control and an ability to understand in a more mechanistic manner how ELS affects neural and behavioral development. However, an important gap in the literature concerns differences in the types of stressors administered, the experimental paradigms employed, and the response outcomes measured across species. The human literature would greatly benefit from future efforts to parallel paradigms employed in rodents, both in the reward and aversive domains and when trying to characterize the relationship between ELS, amygdala-striatal functional interactions and internalizing illness. One elegant study ([@bib0665]) mimicked both the conditions of human institutional rearing in mice (i.e., severely deprived nesting conditions) and a task typically used in studies of human affective development (i.e., a rodent analogue of an emotional go/no-go task ([@bib0395], [@bib0500]). A striking parallel to human findings ([@bib1155]) emerged, with increased amygdala reactivity in preadolescent ELS mice compared to preadolescent controls in response to threatening stimuli; ELS mice also demonstrated slower response latency and increased amygdala activity to a threatening stimulus ([@bib0665]).

Though we have focused this review on the role of the amygdala and striatum, these two regions work in concert with additional regions to support affective valuation and learning, including the hippocampus, medial and lateral PFC and midbrain dopaminergic nuclei ([@bib0060], [@bib0230], [@bib0480], [@bib0475], [@bib0860]), many of which encode diverse value-based signals informing decision-making ([@bib0050], [@bib0310]) and are subject to developmental effects of stress([@bib0170], [@bib0555], [@bib1145]). One connection of interest involves the OFC----another site of integration between sensory information, affective processes and decision-making ([@bib0605])----and the BLA. Both regions are implicated in representing the value of expected outcomes during learning ([@bib1025]), though BLA discrimination of predictive stimuli tends to occur more quickly than that in OFC ([@bib1030]). OFC neurons increase firing rates during reversal learning (i.e., when stimulus-outcome contingencies reverse), but BLA neurons maintain representations of the original stimulus-value representations ([@bib1035]). The literature would benefit from investigations of how ELS impacts this relationship in service of potentially highlighting differences (or similarities) in comparison to BLA-ventral striatal interactions.

9.4. Future directions {#sec0075}
----------------------

Recent advances in cognitive neuroscience incorporating the use of multimodal and interdisciplinary techniques represent promising directions toward more comprehensive understanding of the mechanisms that ELS exerts on neurobehavioral development and the onset of internalizing illness. Neurogenetic approaches ([@bib0105]) represent one such avenue, considering the fact that ELS can induce genetic alterations often observed through DNA methylation. Methylation can be a normative process: for example, methylation is necessary in the dopaminergic system for reward-learning processes in rats ([@bib0250]). Methylation can also exert negative effects, however, via the turning off of a gene ([@bib1125]). In humans ELS is associated with increased methylation and decreased expression of stress-related gene receptors ([@bib0700]) in the hippocampus. Within the context of the amygdala and striatum, future studies might examine neurogenetic effects of ELS on variability in the serotonin transporter gene (5HTTPLR), which is related to the ability to extinguish fear ([@bib0520]) and dopaminergic genes (e.g., DAARP-32, DRD2) implicated in the ability to learn from rewards and punishments ([@bib0285]). Such approaches may also have implications for epigenetic studies of the effects of ELS ([@bib0110], [@bib0775]).

Caregiver deprivation is clearly a severe psychosocial stressor, yet the question of how a history of caregiver deprivation influences the ability to represent and value different types of social stimuli later in life (e.g., parents vs. peers) has remained largely uninvestigated. As peer groups normatively become more important during the transitions into adolescence ([@bib0220], [@bib1105]), it remains to be seen whether individuals with a history of ELS differentially represent other types of socially valued others in comparison to their caregivers, and whether the function of neural social learning mechanisms involving the amygdala and striatum are altered when interacting with and learning about new peers ([@bib0055], [@bib0325], [@bib0320], [@bib0585], [@bib1140], [@bib1250]). The ability to process social signals such as the reciprocation of trust is critical to the formation and maintenance of social relationships ([@bib0325], [@bib0320], [@bib0580], [@bib0880], [@bib0960]). Characterizing how ELS may modify such social valuation mechanisms is a critical and promising avenue for the field, additionally lending itself to the incorporation of interdisciplinary methods (e.g., computational learning approaches, neurogenetics).

Finally, we have noted the importance of puberty as a potential driving agent of normative neural and behavioral developmental changes. There is evidence to suggest that adverse early life experiences may lead to an acceleration of developmental changes as a survival-based adaptation; these may include earlier onset of puberty ([@bib0080], [@bib0075]). If this is indeed true, then the change in timing of puberty may subsequently impact the timing of neural development, which may then have significant downstream socio-emotional consequences. The field would greatly benefit from future investigations of the interaction between a history of ELS, timing of pubertal changes, and subsequent structural and functional changes in the amygdala and striatum.

9.5. General discussion {#sec0080}
-----------------------

We have proposed that the link between ELS and behavioral phenotypes associated with internalizing illnesses are mediated by changes in amygdala and striatal function and their interaction. It is worth noting that even chronic stress experienced early in life can be adaptive under certain circumstances. ELS may act to accelerate functional amygdala development ([@bib0145]), particularly with respect to its relationship with the mPFC ([@bib0135], [@bib0390]). In such situations, the brain may thus have adapted as a result of the early threats imposed by the lack of species expected caregiving to facilitate threat detection and the ability to respond. Additional recent evidence suggests that exhibiting more less exploitative behavior can be adaptive in circumstances where exploration is associated with a high certainty of potential loss ([@bib0565]). In line with studies of acute stress on decision-making in adult humans that indicate a reliance on habitual, reflexive actions under acute stress ([@bib0825], [@bib0930]), chronic stress may predispose individuals to rely on exploitative behavior when it in fact is a safer choice and associated with a higher expected return. Thus, while ELS indeed can have maladaptive mental health consequences, it is important to consider not only the timing and nature of the adverse early life experiences ([@bib0385]), but also that the environmental conditions experienced early in life may make afflicted individuals better predisposed to handle future adverse consequences.
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